SCHEDULING CIRCUIT 



BACKGROUND OF THE INVENION 

The present invention relates to a scheduling 
circuit and more particularly to a scheduling circuit 
applicable to an ATM (Asynchronous Transfer Mode) 
communication network. 

Scheduling circuits for the above application are 
disclosed in, e.g., Japanese Patent Laid-Open Publication 
No. 11-340983 and a paper 2 "B-8-12", The Institute of 
Electronics, Information and Communication Engineers of 
Japan f 1999 General Meeting. 

In a transmission network in which IP (Internet 
Protocol) is mapped and a communication terminal included 
therein, suitable delay is added at the output side of the 
apparatus on an IP packet or an ATM cell basis in accordance 
with traffic rates, which are dependent on notified values . 
The delay frees the network and a receiving terminal 
connected to the above terminal from excessive loads. In 
this case, a sequence of processing for smoothing the 
traffic, i.e., scheduling is essential for controlling 
data to be sent. 



A conventional scheduling circuit includes an IP 
scheduling section, a format converting section, and an 
ATM scheduling section. The problem with such a 
conventional scheduling circuit is that both the IP 
scheduling section and ATM scheduling section discard a 
datagram. As a result, a datagram is discarded 
excessively, depending on the traffic. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a reliable scheduling circuit capable of 
reducing the loss of cells as far as possible. 

A scheduling circuit of the present invention 
includes an IP scheduling/format converting section for 
scheduling input IP packets and converting each of them 
to ATM cells . The IP scheduling/ format converting section 
includes a plurality of packet FIFOs (First-In First-Out 
memories) . The ATM cells output from each packet FIFO are 
written to corresponding one of a plurality of cell FIFOs. 
An ATM scheduling section schedules the ATM cells received 
from each cell FIFO cell by cell. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages 
of the present invention will become more apparent from 



the following detailed description taken with the 
accompanying drawings in which: 

FIG. 1 is a block diagram schematically showing a 
conventional scheduling circuit; 

FIG. 2 demonstrates the operation of the 
conventional scheduling circuit by using a specific 
datagram; 

FIG. 3 is a schematic block diagram showing a 
scheduling circuit embodying the present invention; 

FIG. 4 is a schematic block diagram showing a 
specific configuration of an ATM scheduling section 
included in the illustrative embodiment; and 

FIG. 5 demonstrates the operation of the 
illustrative embodiment by using a specific datagram. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
To better understand the present invention, brief 
reference will be made to a conventional scheduling 
circuit, shown in FIG. 1. As shown, the scheduling circuit 
is generally made up of an IP scheduling section 41, a 
format converting section 42, and an ATM scheduling 
section 43. The IP scheduling section 41 schedules IP 
packets. The format converting section 42 converts the 
format of the IP packets output from the IP scheduling 
section 41 to the format of ATM cells. The ATM scheduling 



section 43 performs scheduling on a cell basis. When any 
cell cannot be scheduled in the ATM scheduling section 43, 
the section 43 discards the cell, determining that 
congestion has occurred in a corresponding VCI (Virtual 
Channel Identifier) . 

The problem with the conventional scheduling 
circuit is that both the IP scheduling section 41 and ATM 
scheduling section 43 discard a datagram and are therefore 
apt to discard it excessively, as stated earlier. This 
problem will be described more specif ically with reference 
to FIG . 5. 

As shown in FIG. 5, assume that four consecutive 
packets #1, #2, #3 and #4 respectively having cell lengths 
of 3, 2, 4 and 4 are input to the IP scheduling section 
41, FIG. 1. Also, assume that the IP scheduling section 
41 discards the packet #2 due to overflow as a result of 
scheduling, as indicated by a cross. Then, the format 
converting section 42 divides the scheduled packets #1, 
#3 and #4 to three ATM cells, four ATM cells and four ATM 
cells, respectively. Further, assume that the ATM 
scheduling section 43 discards one of the cells derived 
from the packet #1 and one of the cells derived from the 
packet #4. As a result, one whole packet and two cells 
are discarded in total, as indicated by crosses in FIG. 
2. In this condition, a receiving terminal cannot 



reconstruct the IP packet #1 or #4 due to the incomplete 
cells. That is, only the IP packet #3 can be transferred 
to a receiving terminal. 

Referring to FIG. 3, a scheduling circuit embodying 
the present invention will be described. As shown, the 
scheduling circuit is generally made up of an IP 
scheduling/format converting section 11, cell FIFOs 
(First-In First-Out memories) 12, and an ATM scheduling 
section 13. The IP scheduling/format converting section 
11 includes packet FIFOs 111. 

The IP scheduling/format converting section 11 
schedules IP packets sequentially input from a 
communication apparatus, in which the scheduling circuit 
is installed, and then converts them to ATM cells. 
Specifically, the IP scheduling/format converting section 
11 includes a scheduling section and a format converting 
section although not shown specifically. The scheduling 
section schedules the IP packets on a packet basis. The 
format converting section maps the scheduled IP packets 
into ATM cells having VCI numbers assigned by a network 
operator and then performs queuing on a VCI basis. For 
this purpose, the packet FIFOs 111 each are allotted to 
a particular VCI. The IP packets stored in the respective 
FIFO 111 each are divided into ATM cells and then written 
to associated one of the cell FIFOs 12. The cells written 



to the cell FIFO 12 are delivered to the ATM scheduling 
section 13 one by one by the conventional round robin 
algorithm. The ATM scheduling section 13 schedules the 
input cells on a cell basis. 

Specifically, while the ATM scheduling section 13 
schedules a given cell, it calculates a logical 
transmission time for the next cell belonging to the same 
VCI as the above cell. The ATM scheduling section 13 then 
determines, based on the calculated time, whether or not 
it can schedule the next cell. If the ATM scheduling 
section cannot schedule the next cell, then it delivers 
an input inhibition signal to the cell FIFO 12 from which 
the given cell has been output, thereby preventing the cell 
FIFO 12 from outputting the next cell . Stated another way, 
the ATM scheduling section 13 executes back pressure 
control with the VCI to which the above cell belongs in 
order to avoid cell-by-cell discard. 

The cell FIFOs 12 each deliver the cells to the ATM 
scheduling section 13 one by one. On delivering all the 
cells derived from a single IP packet, each cell FIFO 12 
feeds a control signal Co to the IP scheduling/format 
converting section 11, requesting it to output the next 
IP packet. When any one of the packet FIFOs 111 overflows, 
the IP scheduling/format converting section 11 discards 
packets on a packet basis. 



Reference will be made to FIG. 4 for describing a 
specific configuration of the ATM scheduling section 13. 
As shown, the ATM scheduling section 13 includes a VCI 
identifying circuit 21, a logical transmission time memory 
22, a,, current time counter 23, a comparing/updating 
circuit 24, a transmission time determining circuit 25, 
a parameter memory 26, an adder 27, and a conflict control 
memory 28. 

In operation, when an ATM cell is fed from the 
communication apparatus to the ATM scheduling section 13, 
the VCI identifying circuit 21 references a header 
attached to the cell so as to identify a VCI to which the 
cell belongs. The logical transmission time memory 22 
stores, as a parameter, a time at which each cell having 
a particular VCI number in its header should be sent, 
thereby managing logical transmission times on a VCI basis . 
More specifically, VCI numbers and logical transmission 
times are respectively the addresses and data of the memory 
22. The VCI identifying circuit 21 feeds the identified 
VCI to the memory 22. As a result, a logical transmission 
time corresponding to the VCI is read out of the memory 
22 and fed to the comparing/updating circuit 24. 

The comparing/updating circuit 24 compares the 
current time of the arrived cell output from the current 
time counter 23 and the logical transmission time. If the 



current time is later than the logical transmission time, 
then the comparing/updating circuit 24 updates the logical 
transmission time with the current time. More 
specifically, the fact that the current time is later than 
the logical transmission time is equivalent to a condition 
wherein the arrival traffic of the VCI corresponding to 
the cell is lighter than a notified value. It is therefore 
necessary to schedule cells expected to arrive by using 
the above arrival time as a reference. 

The transmission time determining circuit 25 
determines a time for sending the subject cell on the basis 
of the logical transmission time output from the 
comparing/updating circuit 24 . The time determined by the 
determining circuit 25 is input to the conflict control 
memory 28. That is, the determining circuit 25 writes the 
cell received from the VCI identifying circuit 21 in the 
conflict control member 28 by using the time as an address . 
The conflict control memory 2 8 has addresses implemented 
as the transmission times of individual cells and stores 
cells as data. 

More specifically, the transmission determining 
circuit 25 compares the logical transmission time output 
from the comparing/updating circuit 2 4 and the time of 
arrival of the cell. If the time of arrival is earlier 
than the logical transmission time, the determining 



circuit 25 determines a transmission time such that the 
cell will be sent at the logical transmission time. This 
realizes scheduling according to a notified rate. 

The adder 27 adds the logical transmission time 
output, from the comparing/updating circuit 24 and a cell 
interval read out of the parameter memory 2 6, thereby 
determining a time for sending the next cell belonging to 
the same VCI as the subject VCI. Specifically, the 
parameter memory 2 6 stores cell intervals, or transmission 
intervals, that are the reciprocals of VCI-by-VCI notified 
rates set by a network operator beforehand. The parameter 
memory 2 6 allows the adder 27 to reference the cell 
intervals by using the VCI number as an address. 

The cells written to the conflict control memory 28 
are sequentially sent on the basis of the transmission 
times determined by the transmission time determining 
circuit 25. More specifically, the conflict control 
memory 28 temporarily stores each cell until a 
transmission time assigned thereto by the transmission 
time determining circuit 25 . If the logical transmission 
time to be added by the adder 2 7 exceeds a time that the 
conflict control member 2 8 can deal with, then the ATM 
scheduling section 13 determines that congestion has 
occurred within the communication apparatus . In this case, 
the ATM scheduling section 13 delivers an input inhibition 
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signal to the cell FIFO 12, which has outputted the cell. 

The operation of the illustrative embodiment will 
be described by using a specific datagram shown in FIG. 
5 . As shown, assume that a packet 1 input to the scheduling 
circuit is divided into three cells 1-1, 1-2 and 1-3 by 
format conversion. Also, assume that while the 
transmission times of the cells 1-1 and 1-2 are determined 
by the ATM scheduling section 13, FIG. 3, but the cell 1-3 
cannot be scheduled, i.e., the logical transmission time 
of the cell 1-3 cannot be scheduled at the determined 
transmission time of the cell 1-2. Then, the ATM 
scheduling section 13 delivers an input inhibition signal 
to the FIFO 12 output the cells 1-1 through 1-3, causing 
the FIFO 12 to hold the cell 1-3 until vacancy occurs in 
the memory . 

Each cell FIFO 12 feeds the previously mentioned 
control signal Co to the IP scheduling/format converting 
section 11 when all the cells of a packet are fully 
scheduled, i.e., when the entire FIFO 12 becomes idle. 
Consequently, the IP packet 2 shown in FIG. 5 is left in 
the packet FIFO 111 corresponding to the above cell FIFO 
12 and delayed thereby. The IP packet 2 is therefore 
divided into cells after the cell 1-3 has become able to 
be scheduled. 

In summary, in accordance with the present invention, 
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a scheduling circuit executes, when an ATM scheduling 
section detects congestion, back pressure control with an 
IP-to-ATM format converting section. The scheduling 
circuit therefore discards a datagram on an IP packet basis, 
i.e., obviates discard on an ATM cell basis. This allows 
a receiving terminal to reconstruct IP packets at a high 
ratio and thereby realizes a communication network having 
a high IP packet throughput. 

Various modifications will become possible for 
those skilled in the art after receiving the teachings of 
the present disclosure without departing from the scope 
thereof. 



